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ABSTRACT 
The thesis entitled "Synthesis of a- and b-Amino Acids, Diastereoselective Aziridination and Studies on Carbocyclic, Diazabicyclic and Vinylogous Amino Acid Based Peptidomimetics" consists of two chapters: CHAPTER-I: deals with the synthesis of a- and b-amino acids and diastereoselective aziridination. This chapter is divided into three parts: PART-A: describes the synthesis of chiral a-amino acids. PART-B: describes the synthesis of chiral b-amino acids. PART-C: describes the stereoselective synthesis of N-phthalimido-2-carboxyaziridines. CHAPTER-II: concerns with the synthesis of carbocyclic, diazabicyclic and vinylogous amino acid based peptidomimetics. This chapter is again divided into three parts: PART-A: describes the synthesis and conformational studies of peptidomimetics containing a carbocyclic 1,3-diacid. PART-B: describes the development of constrained 2,3-diazabicyclo[2.2.1]heptane template and its uses in peptidomimetic studies. PART-C: describes the synthesis and conformational analysis of vinylogous amino acid based peptidomimetics. Chapter-I Part-A : Synthesis of Chiral a-Amino Acids a-Amino acids are one of the five major classes of natural products and they exhibit important and diverse biological functions. It is well known that a-amino acids are vital to life itself as the "building blocks" of peptides, proteins and many other natural products (Fig. 1). Besides naturally occurring unusual a-amino acids a large number of man designed unusual a-amino acids find pharmaceutical applications or are used to control plant growth and plant diseases. 
Figure 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO1.jpg" \t "_blank​) Except for glycine, a-amino acids are chiral structures (Fig. 2). A lot of effort has therefore been devoted to the preparation of unnatural a-amino acids in enantiomericallymerically pure form of either configuration. 
Figure 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO2.jpg" \t "_blank​) Herein we describe an efficient method for the synthesis of unusual a-amino acids. Our synthesis of a-amino acids, wherein a-alkyl or aryl substituted acetic acids have been used as starting material involves 7 steps (Scheme-1). Scheme-1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO3.jpg" \t "_blank​) The salient features of this route are: (i) the carboxyl group of the final amino acid 6 was obtained by oxidation of an hydroxymethyl group that was introduced in the a-position of the corresponding carboxylic substrate 7 by "Evans" method. (ii) the original carboxyl group was converted to an amide that was transformed into the amino group by a modified "Hofmann rearrangement" reaction. The steps involved in this novel method of synthesizing a-amino acids are shown in scheme-2. The chiral oxazolidinone 8 was prepared by LiCl-mediated acylation of 4-benzyl-2-oxazolidinone using the mixed anhydride method. The chiral oxazolidinone 8 underwent addition reaction with benzyloxymethyl chloride in presence of TiCl 4 and N,N-diisopropylethylamine (DIPEA) in CH 2Cl 2 following Evans' method to furnish 9 with excellent diastereoselectivity (>98%). Chiral auxiliary was removed by treating 9 with LiOH-H 2O 2 to give the acid 10, that was transformed into its amide 11 in the next step by the mixed anhydride method. Treatment of 10 with ethyl chloroformate in the presence of Et 3N gave an intermediate mixed anhydride which was reacted in situ with NH 4OH to provide the amide 11. With the amide in hand, the stage was now set to carry out the crucial Hofmann rearrangement reaction. Accordingly, the amide 11 was treated with [bis(trifluoroacetoxy)iodo]benzene [PhI(CF 3COO) 2] in CH 3CN-H 2O (1:1) to provide the corresponding amine that was treated in situ with Boc 2O and Et 3N to furnish the Boc-protected intermediate 12. The Bn-protection was removed by hydrogenation over Pd(OH) 2-C and the resulting primary hydroxyl of 13 was oxidized to the acid using RuCl 3-NaIO 4 furnishing the N-Boc protected a-amino acid which after workup was treated with CH 2N 2 in ether to give 6 in excellent overall yield. Scheme 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO4.jpg" \t "_blank​) To examine the stereoselectivity of our method, the rotation of compound 6a was taken. It showed rotation, [a]22 D = +45.2 (c = 1.75, MeOH), which matches with that of commercially available Boc-D-Ala-OMe. In conclusion, an excellent method for the synthesis of a-amino acids has been developed that will find useful applications in preparing many unusual a-amino acids in either enantiomeric form starting from an appropriate chiral oxazolidinone. While L-phenylanine-based oxazolidinone 8 gives D-amino acids, as shown in scheme-2, its D-isomer could be similarly used to prepare the corresponding L-amino acids. Part-B : Synthesis of Chiral b-Amino Acids Although much less abundant than their a-analogues, b-amino acids are also present in nature. A number of b-amino acids have been isolated in free form and show interesting pharmacological properties (Fig. 1). These b-amino acids can be cyclised to b-lactams, a well known class of potentially biologically active substances which occur in nature (Fig. 1). Figure 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO5.jpg" \t "_blank​) b-Amino acids are also components of naturally occurring biologically active peptides (Fig. 2). For example, 3-amino-2-methylpentanoic acid is present in the structurally related antifungal depsipeptides, majusculamide and normajusculamide (Fig. 2). In addition b-amino acids are proving to be useful tools in the synthesis of modified peptides with increased activity and in vivo stability (Fig. 2). Hence several strategies have been developed for the synthesis of b-amino acids in enantiomerically enriched form. Figure 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO6.jpg" \t "_blank​) As it has been said earlier for a-amino acids, b-amino acids are also chiral in nature and exist in two enantiomeric forms (Fig. 3). These compounds are known as b3-amino acids. However, for convenience, they are written here as b-amino acids. Figure 3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO7.jpg" \t "_blank​) Our approach for the synthesis of b-amino acids using a-alkyl or aryl substituted acetic acids as starting material involves 7 steps (Scheme-1). Scheme-1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO8.jpg" \t "_blank​) The salient features in this synthesis are: (i) the carboxyl group of the final amino acids 5 was obtained by oxidative cleavage of an a-allyl group that was introduced in the a-position of the corresponding carboxylic substrate 6 by Evans' alkylation method. (ii) the original carboxyl group was converted to an amide that was transformed into the amino group by a modified Hofmann rearrangement reaction. Scheme-2 outlines the steps involved in our synthesis of b-amino acids. The chiral oxazolidinone 8 was prepared by treating 7 with pivaloyl chloride and triethyl amine (Et 3N) in tetrahydrofuran (THF) followed by addition of LiCl and 4-benzyl-2- 
Scheme 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO9.jpg" \t "_blank​) oxazolidinone sequentially using mixed anhydride method. Treatment of the chiral oxazolidinone 8 with NaHMDS in THF provided the enolate that was stereoselectively alkylated with allyl bromide following Evans' method to furnish the a-allyl substituted intermediate 9 with excellent diastereoselectivity. Removal of the chiral auxiliary using LiOH-H 2O 2 led to the formation of an acid 10 that was transformed into its amide 11 in the next step by the mixed anhydride method. Treatment of 10 with ethyl chloroformate in the presence of Et 3N gave an intermediate mixed anhydride, which was treated in situ with NH 4OH to provide amide 11. With amide in hand, the step was now set to carry out the oxidative cleavage of the double bond. Treatment of 11 with NaIO 4 in presence of catalytic amount of RuCl 3.3H 2O in CH 3CN-CCl 4-H 2O (1:1:1.5) gave the expected acid that was esterified after aqueous work-up with CH 2N 2 to furnish methyl ester 12. Next, the crucial Hofmann rearrangement reaction was performed on 12 via treatment with [bis(trifluoroacetoxy)iodo]benzene [PhI(CF 3COO) 2] in CH 3CN-H 2O(1:1) to provide the corresponding amine that was treated in situ with Boc 2O and Et 3N to furnish the N-Boc-protected methyl ester of the expected b-amino acid 13 in excellent overall yields. To examine the stereoselectivity of our method, compound 13a was saponified with LiOH (Scheme-3). Scheme 3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO10.jpg" \t "_blank​) , [a]26 D = -42.5 (c = 0.75, EtOH) that matched with the reported value [a]26 D = -42.2 The saponified product Boc-D-b-HPhg-OH 14 showed rotation. In conclusion, an excellent method for the synthesis of b-amino acids has been developed that will find useful applications in the preparation of many unusual b-amino acids in either enantiomeric forms starting from an appropriate chiral oxazolidinone. While L-phenylalanine based oxazolidinone 9 gives D-amino acids as shown in scheme-2, its D-isomer can be similarly used to prepare the corresponding L-b-amino acids. 
Part-C : Stereoselective Synthesis of N-Phthalimido-2-Carboxyaziridines Aziridines are saturated three membered heterocycles containing one nitrogen atom (Fig. 1). Like other three membered rings such as cyclopropanes and epoxides, aziridines are highly strained. Ring strain renders aziridines susceptible to the ring 
Figure 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO11.jpg" \t "_blank​) opening reactions that dominate their chemistry. This ability of aziridines to undergo highly regio- and stereoselective ring opening reactions renders them a great value in organic synthesis. One of the most important applications of aziridine ring opening is its conversion into a-hydrazino acids. A number of a-hydrazino acids have been found in natural peptide antibiotics and they are also used in the design and synthesis of peptidomimetics to induce the specific secondary structures required for binding to their receptors (Fig. 2). Figure 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO12.jpg" \t "_blank​) Thus aziridines are worthy targets for the synthetic organic chemists and it is essential that efficient methods exist for the facile synthesis of enantiopure aziridines. Aziridination of olefin is a widely used method for the construction of aziridine rings. Atkinson and coworkers have shown that oxidation of N-aminophthalimide with lead tetraacctate generates N-acetoxyaminopthalimide that adds in a syn fashion to olefins giving N-pthalimido aziridines. We now report here that 4-phenyl-2-oxazolidinone, readily available in both enantiomeric forms, serves as an excellent chiral auxiliary for the addition of N-acetoxyaminophthalimide to the a,b-unsaturated amides 3 leading to a highly stereoselective synthesis of chiral N-phthalimido-2-carboxyaziridines (Scheme-1). Scheme 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO13.jpg" \t "_blank​) The required N-acyl-4-phenyl-2-oxazolidinones 3 were prepared by LiCl-mediated acylation of 4-phenyl-2-oxazolidinone using the mixed anhydride method (Scheme-2). Scheme 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO14.jpg" \t "_blank​) Addition of N-acetoxyaminopthalimide, generated in situ from N-aminophthalimide and Pb(OAc) 4 to the a,b-unsaturated amides 3 gave aziridines 4 as the major product in excellent yield and in high diastereoselectivity (Scheme-3). Scheme 3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO15.jpg" \t "_blank​) The results of our studies are summarized in Table-1. The product ratios were determined from 1H-NMR spectra of the mixture of products or from the amount of Table 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO16.jpg" \t "_blank​) chromatographically separated isomers. Table-1 shows that the diastereoselectivities were especially good for substrates where R1 is an aryl group. In Table-1, for entry 7, there was no diastereoselectivity as it lacked an aryl substituent. The yields were consistently good for all the substrates studied. The major isomers were formed via syn addition of N-acetoxyaminophthalimide to the double bond of 3 from its Si face at the a-carbon. Herein we show that ring opening of N-amino-2-carboxyaziridines provides an easy access to a-hydrazino acids (Scheme-4). The major diastereomer 4a, was next converted to the protected a-hydrazino acid 10 in a two-step protocol. Hydrogenation of 4a under atmospheric pressure using 10% Pd/C as catalyst and catalytic amount of Et 3N in EtOAc led to selective reduction at the benzylic position, giving the N-phthalimido-a-hydrazino acid 9, having the chiral auxiliary still attached to it, in 78% yield. Finally, treatment of 9 with Et 3N in MeOH led to the removal of chiral appendage furnishing the desired methyl ester 10 in 85% yield. Scheme 4 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO17.jpg" \t "_blank​) We believe that the methods developed here for the synthesis of N-aminoaziridine carboxylates and the a-hydrazino acids will find useful applications in the development of hydrazinopeptides. 
CHAPTER-II Part-A: Synthesis and Conformational Studies of Peptidomimetics Containing a Carbocyclic 1,3-Diacid 
A peptidomimetic is a compound that, as the ligand of a receptor, can imitate or block the biological effect of a peptide at the receptor level. Reverse-turn peptidomimetics constitute one of the most important areas of research in structure activity relationship studies of peptides. A structurally rigid, novel molecular framework of a hexose-derived 2,5-anhydrosugar diacid 1 was developed earlier in our laboratory. Bidirectional elongation of its diacid moieties with identical peptide strands led to the formation of architecturally beautiful novel C 2-symmetric Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO18.jpg" \t "_blank​) peptidomimetics 2, which displayed very ordered structures consisting of identical intramolecular H-bonds at two ends between AANH ? sugar ?OH (Fig. 1) . Figure 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO19.jpg" \t "_blank​) To examine whether similar secondary structures could also be present in other five membered ring systems, we decided to construct a structurally similar scaffold with a cyclopentane ring, in place of the tetrahydrofuran ring. We developed an all cis 4,5- Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO20.jpg" \t "_blank​) dihydroxy-1,3-cyclopentanedicarboxylic acid moiety 3 as an ideal template to nucleate intramolecular folding. Herein we describe the synthesis and detail structural studies of the all cis 4,5-dihydroxy-1, 3-cyclopentanedicarboxylic acid based peptidomimetics 4 and 5. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO21.jpg" \t "_blank​) The starting material, endo-cis-bicyclo[2.2.1]heptene-2,3-diol 9 was prepared according to a reported procedure in two steps involving a Diels-Alder reaction in the first step between cyclopentadiene and vinylene carbonate, followed by alkaline hydrolysis of the carbonate ring (Scheme-1). Scheme 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO22.jpg" \t "_blank​) The two hydroxyl groups of diol 9 was protected as acetonide on treatment with dimethoxypropane (DMP) and catalytic amount of camphor sulphonic acid (CSA) in Scheme 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO23.jpg" \t "_blank​) CH 2Cl 2 giving compound 10 in 95% yield. Compound 10 was then subjected to an oxidative cleavage reaction using a catalytic amount of RuCl 3.3H 2O in presence of NaIO 4 to give the diacid 11 in 85% yield (Scheme-2). The diacid 11 was then treated with an excess of amino-terminal free peptide molecule H 2N-Phe-Leu-OMe under standard solution phase method using 1-(3-dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (EDCI) and 1-hydroxybenzo-triazole (HOBT) as coupling agent and amine free dry DMF and dry CH 2Cl 2 as solvent to give compound 12 in 80% yield. The compound 12 was deprotected under acidic conditions to furnish the desired petidomimetic 4 in 55% yield (Scheme-3). Scheme-3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO24.jpg" \t "_blank​) The peptidomimetic 5 was synthesized by attaching H 2N-Phe-Gly-OMe to the diacid 11 following same procedure as described above (Scheme-4). Scheme 4 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO25.jpg" \t "_blank​) The conformational analysis of the peptidomimetics 4 and 5 were carried out by studying their circular dichroism (CD) spectra in trifluoroethanol (TFE) and various NMR techniques in CDCl 3 and DMSO-d 6 solvents including TOCSY and ROESY experiments. A strong positive band at 222 nm exhibited by compound 4 in CD spectrum suggested the possibility of the existence of a turn structure in the molecule. Compound 5 also showed a positive band at 216 nm indicating the existence of a similar structure in solution. The temperature coefficients of the amide proton chemical shifts (Dd/DT) were also measured for compounds 4 and 5 between 30 and 50oC. All these studies showed the presence of a interstrand H-bonded turn structure in carbocyclic based peptidomimetics 4 and 5. In conclusion the rigid scaffold of the cyclopentane ring described here can serve as a novel template to design interesting peptidomimetics with well defined three dimensional structures and useful properties. 
Part-B: Development of Constrained 2,3-Diazabicyclo[2.2.1]Heptane Template and Its Uses in Peptidomimetic Studies Azapeptides are peptides in which one of the a-carbons has been replaced by a trivalent nitrogen atom (Fig. 1). This transformation results in a loss of asymmetry associated with the a- carbon and yields a structure that can be considered intermediate Figure 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO26.jpg" \t "_blank​) in configuration between D- and L-amino acids. Interest in this a-carbon replacement unit stems from its ability to provide resistance to enzymatic cleavage and its capacity to act as a selective inhibitor of cysteine and serine proteases, like compounds 3, 4 (Fig. 2). Figure 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO27.jpg" \t "_blank​) These revealations prompted us to design and synthesize azapeptide based peptidomimetics. In this work we have used structurally constrained 2,3-diazabicyclo[2.2.1]-heptane 5 as the novel template for the synthesis of azapeptide based peptidomimetic 6 (Fig. 3). Figure 3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO28.jpg" \t "_blank​) Synthesis of compound 5 as its di-TFA salt is shown in Scheme-1. A Diels-Alder reaction between cyclopentadiene and diethylazodicarboxylate and subsequent reduction Scheme 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO29.jpg" \t "_blank​) of the double bond by hydrogenation using Pd/C as catalyst led to the formation of 10. Alkaline hydrolysis of the carboxylate groups of 10 furnished 5, which was protected in-situ using Boc 2O, for easier purification purposes, to give 11 in 72% yield. Treatment of 11 with trifluoroacetic acid (TFA) in CH 2Cl 2 provided the di-TFA salt 12. This di-TFA salt 12 was now used to prepare our target peptidomimetic 6. The amino terminal protected peptide residue Boc-Gly-Leu-OH was coupled with the di-TFA salt 12 under standard solution phase methods using 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) and 1-hydroxybenzotriazole (HOBT) as coupling agents and dry CH 2Cl 2 as solvent (Scheme-2). Only one of the amino groups of 12 underwent coupling, even when an excess of the peptide component was used, giving the product 13 in 81% yield. Scheme 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO30.jpg" \t "_blank​) Next a three step protocol was followed to obtain an isomerically pure component of 13 (Scheme-3). Reaction of 13 with Boc 2O in presence of DIPEA for an extended period of time gave di-Boc-protected intermediate 14. A pure diastereomer could be separated at this stage following a standard silica gel column chromatography. Deprotection of this Scheme 3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO31.jpg" \t "_blank​) purified diastereomer of 14 and selective protection of its terminal Gly-NH 2 furnished a diastereomerically pure version of 13 in 49% overall yield in three steps. This pure isomer 16, on treatment with triphosgene in the presence of N-methyl-morpholine (NMM), following the coupling reaction with H 2N-Ala-Val-OMe provided the target molecule 6 (Scheme-4). Scheme 4 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO32.jpg" \t "_blank​) Detailed conformational analysis of peptide 6 was performed using various NMR techniques. The assignments were carried out with the help of two dimensional correlation spectroscopy (TOCSY) and were further confirmed by rotating frame nuclear Overhauser effect spectroscopy (ROSEY) experiments. Although the NMR spectrum of compound 6 in DMSO-d 6 was very well resolved, it did not reveal any significant secondary structure. The temperature coefficients (Dd/DT) of the amide protons of 6, obtained from variable temperature experiments (between 30?C and 70oC), had a moderately low value of ?4.0 ppb/k. In a noncompetitive solvent such as CDCl 3, compound 6 had one amide proton, AlaNH with a chemical shift > 7ppm. Solvent titration studies revealed that the addition of increasing amounts of DMSO-d 6, to a CDCl 3 solution (1mM) of 6 caused a very small change in the AlaNH chemical shift (Dd=0.12 ppm on addition of 40% v/v of DMSO-d 6). These observations indicate that the AlaNH is involved in intramolecular hydrogen bonding. In conclusion, the rigid scaffold of the 2,3-diazabicyclo[2.2.1]heptane 5 molecule can serve as a conformationally constrained template as shown here, and is expected to find applications in developing novel peptidomimetics with interesting structures and useful properties. 
Part-C: Synthesis and Conformational Analysis of Vinylogous Amino Acid Based Peptidomimetics 
A common approach to restrict the conformational degrees of freedom in small peptides involves insertion of structurally rigid non-peptide components in the appropriate site of the peptide backbone to produce a specific secondary structure required for binding to a particular receptor, leading to the development of potent agonists/antagonists. Amide bonds with cis-configurations have been found in cyclic peptides and in membrane bound linear peptides. Proline is the unique dialkylated member of the 20 common natural amino acids, resulting cis/trans amide bond isomerisation (Fig. 1). Isomerisation of proline has profound effects on peptide and Figure 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO33.jpg" \t "_blank​) protein structure and results in structural issues for every peptide containing a proline. Several bioactive peptides contain cis-pro with a type-VI b-turn, though it is not always known whether the bioactive conformation is trans- or cis-pro. Trans alkene based structural motif 1 has been used by many groups to induce b?hairpin like turn structures in peptides. Herein we describe the synthesis and structural studies of pentapeptides (3 - 6) and hexapeptides (7 - 10) containing proline derived vinylogous amino acid based structural motif 2 (a&b) (Fig. 2). Figure 2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO34.jpg" \t "_blank​) Scheme-1 outlines the steps involved for the synthesis of vinylogous amino acid based structural motif 2, starting from L-proline. The proline N-Boc protection in alkaline medium was followed by BH 3.DMS mediated carboxylic acid reduction to give Boc-protected prolinol 13. SO 3.Py oxidation of the primary hydroxyl group of 13 furnished aldehyde 14 which after work-up was subjected to stable Wittig reaction using Ph 3P=CR1CO 2Et (R1=H, Me) in dry benzene, giving trans-a,b-unsaturated ester 15 as the only product. Alkaline hydrolysis of the ethyl ester of 15 provided the desired N-Boc protected vinylogous amino acids 2 (a & b). Scheme 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO35.jpg" \t "_blank​) The N-Boc protected vinylogous amino acids 2 (a & b) were then used to prepare our target peptidomimeties (3 - 10). The compound 2a was treated with amino terminal free peptide residue H 2N-Phe-Leu-OMe under standard solution phase method using 1-(3-dimethylamino-propyl)-3-ethylcarbodiimide hydrochloride (EDCI) and 1-hydroxy-benzotriazole (HOBT) as coupling agents and dry CH 2Cl 2 as solvent, to give compound 16 in 82% yield. The compound 16 on treatment with TFA in dry CH 2Cl 2 furnished its TFA salt 17, which was then subjected to coupling reaction with Boc-Ala-Val-OH under standard solution phase method as describe above to provide the target pentapeptide 3. A similar reaction sequence starting from 2a (or 2b) led to the formation of other pentapeptides (4 - 6) and hexapeptides (7 - 10) (Scheme-2). Scheme-2 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO36.jpg" \t "_blank​) 
Conformational analysis of these peptide analogues were carried out by 1H NMR studies in CDCl 3 including TOCSY and ROESY experiments. All these experiments have shown the presence of 12-membered turn structure in pentapeptides (3 - 6) and b?hairpin type structure in hexapeptides (7 - 10). As part of our studies directed towards vinylogous amino acid based peptidomimetics, we synthesized proline derived vinylogous amino acid based peptidomimetics containing urea linkage (18 - 20) and studied their structural conformations in solution using various NMR techniques (Fig. 3). Figure 3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO37.jpg" \t "_blank​) The compound 2b was treated with amino terminal free peptide residue H 2N-Gly-Leu-OMe under standard solution phase method using EDCI and HOBT as coupling agents and dry CH 2Cl 2 as solvent, to give compound 21 in 85% yield. The compound 21 on treatment with TFA in dry CH 2Cl 2 furnished its TFA salt 22, which was subsequently coupled with H 2N-Val-Ala-OMe through urea linkage using triphosgene and NMM as coupling reagents, furnishing the peptidomimetic 18 in 37% yield. Peptidomimetics 19 & 20 were prepared following the same reaction sequence starting from 2b and 2a respectively (Scheme-3). Scheme-3 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a132_figureNO38.jpg" \t "_blank​) The GlyNH in 18 and PheNH in 19 seem to be hydrogen bonded with ValC=O in these two peptidomimetics. But as both GlyNH and PheNH signals appeared as broad singlets NMR studies were not much useful in CDCl 3 solution to conclude strongly about the type of turn structure present in those molecules. In conclusion vinylogous amino acids, now easily obtainable from L-proline can serve as useful templates to induce secondary structures in peptides.

